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1.0   SIMMY 

tion tfXT™^ ^er ^ 0perated With an intracavity electro-optic polariza- 
tion modulator.    Coupling modulation at kB and 120 Mfz was observed which represents 
a ^ignlfiaurt step towards the contract goal to investigate the feasibility of 
linear ramp frequency modulation  (500 mz in 300 .sec)  of a stable C02 oscillator. 
This master oscillator is of interest for a high resolution optical rLar ^uZ- 

Coupling modulation offers the possibility of obtaining an efficient carrier 
suppressed AH modulation.    By sweeping the modulation iYequency the AM    idZnds are 
wept accordmgly.    Considering, then, one   sideband   only,  it is ^renlllTit 

cZeTl* a
+f

equen^ =hirPed •**»*.    To separate one   sideband   fro. the other the 

the ^    sT, hfi T 1S S:i "^ t0 the WingS 0f the laSer eain Profile' •** that one of 
out.fd1. tH       T S   COUP ^ fr0rn the maSter oscillator is  inside while the other is 
outside the active gain profile of the P(20)  line.    1? the output of the master 
oscillator is fed into a CO, laser amplifier chain, as  in the envisage" trans- 
rutter, only one   sideband   is amplified. 

rnn^Tf ^ ^ ^^^ ^riod the Pr«ent CO2 waveguide laser will be 

control!        ^^        line ^ m0de SeleCti0n for the re^ir^ ^rier frequency 
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2.0 BACKGROUND 

2.1 General 

A stable master oscillator is required for application in a high resolution 

optical radar which employs the so-called "delay doppler mapping" technique and 

involves accurate simultaneous measurements of both doppler and range. The  desired 

'.■.i:,-'.:.    wavef rm consliti Of ■ leriei of 128 squally spaced pidces (Fir. i'-i).    TtM 
overall waveform as well as th6 individual pulse profile are truncated gaussians. 

Durin»; each pulse the optical frequency is swept linearly through a 500 MHz range 

centered about the P(20) CO2 laser line, and the frequency chirp is timed such that 

the center frequency of the chirp appears at the peak of each pulse. The length of 

the overall imaging signal is variable between 6U usec and U.B msec and the repeti- 

tion frequency of the imaging waveform is 10 Hz. 

To obtain the required range accuracy of 0.5 m the rms deviation of each fre- 

quency ramp from linear and the cumulative error must be less than 6 Miz. Timing of 

the ramp initiation must be accurate to better than 3 nsec. 

Carrier amplitude and phase stability affect the cross range resolution. For a 

perfectly stable carrier, the cross range resolution is limited by the waveform 

envelope only, i.e., by the corresponding spectral characteristic. To ensure that 

the actual spectral distribution does not deviate by more than 2 dB from the envelope 

limited case, down to - U0 dB from the peak, a carrier stability of 200 Hz is required 

for the duration of the imaging signal, i.e., 5 msec or less. 

By using coupling modulation and a frequency swept rf drive signal, it is 

possible, in principle, to lock the laser to an ultrastable optical local oscillator 

and provide a stable carrier such that the optical sidebands precisely reflect the 

modulation signal. The use of an intracavity modulator offers a considerable increase 

in modulation efficiency and output power over external mixing, but care must be taken 

to avoid carrier instability due to electro-optic and thermo-optic effects in the 

•nodulator crystal. Because of the linear relationship between output and modulation 

power, this technique also permits a straightforward generation of the required wave- 

form and pulse envelope by selecting the modulation intensity waveform accordingly. 

At present. 'JARL has assembled and tested a high-pressure COg waveguide laser 

and is observing coupling modulation with the help of an intracavity CdTe electro- 

optic modulator. Figure 'J?.^ shows a photograph and schematic drawing of the system. 

H consists of a waveguide*&)2 plasma tube, two resonator mirrors and an intracavity 

CdTe modulator. 
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Coupling molulation involves partial depolarizaticn of a laser mode proportional 

to the square of the rf voltage applied to the electro-optic crystal (Ref. 1). The 

light beam then contains components of parallel and orthogonal polarization relative 

to the orientation of an intracavity Brewster plate. Coupling of the orthogonally 

polarized radiation from the resonator occurs by Fresnel reflection off this plate. 

For the here considered electro-optic effect and in the absence of a dc bias, the 

parallel field components are amplitude modulated at twice the applied frequency, as 

shown in Fig. 2-2. The carrier is constant and may be locked to an outside standard 

such as a second laser serving as an optical local oscillator. In the absence of a 

bias, the orthofonal polarization component is a suppressed carrier AM modulated 

signal. By frequency sweeping the rf drive, the AM sidebands are frequency chirped 

in opposite directions. 

To obtain proper spectral match to the gain band of the optical radar pov:er 

amplifiers, the frequency chirp of one of these AM sidebandf must be centered on the 

P(20) laser line. For the master oscillator considered here chis is accomplished by 

obtaining laser oscillation at an axial resonance displaced from line center such 

that the selected AM sideband sweeps through the amplifier gain band in the above 

described fashion, while the other sideband remains outside the active spectrum 

(Fig. 2-3). 

To implement the required carrier offset, a wide band oscillator, such as a 

waveguide laser whose active transition is collision broadened to a 1 GHz bandwidth 

at 230 torr operating pressure, is made to oscillate at an axial resonance displaced 

from line center. * 

Ideally, one would like to arrange for a large axial mode spacing to insure that 

only one axial resonance falls within the active spectrum, thus eliminating mode 

selection. Since the final application as presently conceived calls for a 1.5 GHz 

frequency chirp, it would require a resonator of less than 10 cm optical length which 

does not seem feasible considering that the optical length of the present modulator 

crystal alone exceeds that value. The presence of several axial resonances inside 

the active spectrum then requires proper axial mode selection to obtain oscillation 

of the desired frequency rather than at the resonance closest to line center. 

Line and mode selection is accomplished by replacing the output mirror with a 

Fabry-Perot system weakly coupled to the main resonator. One reflecting element of 

the Fabry-Perot consists of a diffraction grating to provide selection of the P(20) 

line. The advantage of this arrangement, shown in Fig 2-14, is that an effective reflec- 

tion coefficient of 99 percent can be achieved although the reflectivity of the 

grating is only 92 percent. At the resonance frequencies of the Fabry-Perot, however, 

the effective reflectivity is much lower, a characteristic which is utilized to 

suppress the unwanted axial mode adjf.cent to the active one. The resonator length 

can be made sufficiently short such that all other modes fall outside the active gain 

profile. To obtain the required signal coherence, it is envisioned that in the final 

system the optical carrier is locked to a stable reference laser (W)  while the rf 

signal is controlled by a precise clock circuit. 

 — 
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arises v»hen the modulation frequency or its first subharmonic is equal to the iTe- 
quency difference of adjacent axial resonances, C/2L, where c is the velocity of 
light and L the optical resonator length. In that case, a cumulative effect occurs 
involvinr many transics through the modulator resulting in increased amplitude modu- 
lation of the parallel field component, increased intensity of the output wave, and 
a change in the relative phase of the rf and optical signals.  (No mode locking occurs 
if all but one axial mode are passive). These effects have been analvved for quasi- 
steady state cases where the rate at which the modulating frequency changes ir, suffi- 
ciently small (Refs. 3 and U). In our case, however, the frequency change i'j ex- 
tremely rapid and steady state cannot be assumed. Here, as in the case of IM dis- 
tortion, we seek an answer from the demodulation experiment suggested in Cection 2.k.2. 

17 
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3.3 Coupling Modulation Experiments 

While the high-power wide band rf amplifier required for the frequency chirped 
modulation is under development, a preliminary test of the system was performed by 
employing a resonant excitation of the CdTe crystal at two discrete frequencies, ^6 
and 120 htiz.    In both cases, the crystal representing a capacitor with a high resis- 
tance shunt, was resonated with an air coil, and the residual resistive load matched 
to a 50 line by tapping into the coil which then acted as an auto-transformer pro- 
viding the appropriate impedance step-up. 

In this way a rms voltage of 300 V was developed across the crystal for an 
input power of only 3 W, due to the high Q-value (> 100) of the resonant circuit. 

The depolarized field was coupled from the laser by Fresnel reflection off the 
NaCl Brewster window adjacent to the modulator and detected with a Ge:Hg(Sb) element 
cooled to liquid helium temperature. 

Figures 3-1 and 3-2 display the detector signal for both the hb  ard 120 MHz 
modulation. Note that the demodulated signal is of the same frequency as the modu- 
lating one, which corresponds to the case of rf modulation with dc bias as shown 
in Refs. 3 and k.    Although no external dc bias was applied in this experiment, an 
effective bias was provided by the crystal's stress birefringence. Ihe second 
harmonic of the rf signal is not noticable since the detection system was limited to 
the fundmental component in both cases. 
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